Strategies for the Activation and Release of the Membranolytic Peptide Melittin from Liposomes Using Endosomal pH as a Trigger.
Endosomolytic peptides are often coupled to drug delivery systems to enhance endosomal escape, which is crucial for the delivery of macromolecular drugs that are vulnerable to degradation in the endolysosomal pathway. Melittin is a 26 amino acid peptide derived from bee venom that has a very high membranolytic activity. However, such lytic peptides also impose a significant safety risk when applied in vivo as they often have similar activity against red blood cells and other nontarget cell membranes. Our aim is to control the membrane-disrupting capacity of these peptides in time and space by physically constraining them to a nanocarrier surface in such a way that they only become activated when delivered inside acidic endosomes. To this end, a variety of chemical approaches for the coupling of lytic peptides to liposomes via functionalized PEG-lipids were explored, including maleimide-thiol chemistry, click-chemistry, and aldehyde-hydrazide chemistry. The latter enables reversible conjugation via a hydrazone bond, allowing for release of the peptide under endosomal conditions. By carefully choosing the conjugation site and by using a pH activated analog of the melittin peptide, lytic activity toward a model membrane is completely inhibited at physiological pH. At endosomal pH the activity is restored by hydrolysis of the acid-labile hydrazone bond, releasing the peptide in its most active, free form. Furthermore, using an analogue containing a nonhydrolyzable bond as a control, it was shown that the activity observed can be completely attributed to release of the peptide, validating dynamic covalent conjugation as a suitable strategy to maintain safety during circulation.